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(57)Abstract 

PROBLEM TO BE SOLVED: To avoid the production of 
silicon cluster by a method wherein the silicon dioxide 
film is chemical-vapor-deposited on a substrate meeting 
a specific pressure reducing requirements in a mixed 
growing gas with nitrous oxide containing a specific 
amount of monosilane. 

SOLUTION: The lower end of an inner reaction tube 3 is 
communicated with a gas leading pipe 6 connected to a 
growing gas supply source so as to supply a growing gas 
containing SiH4 and N20 to a reaction chamber. 
Besides, the lower end of an outer reaction tube 2 is 
communicated with an exhaust pipe 7 so as to exhaust 
the gas in the reaction chamber. Accordingly, the 
growing gas led in from the leading pipe 6 runs in the 
inner reaction tube 3 containing a wafer 5 so as to 
produce Si02 at a specific heating temperature for the 
formation of an Si02 film on the wafer 5. Through these 
procedures, the pressure in the reaction chamber is 
reduced at the state exceeding 40Pa by adjusting the 




gas supply amount from the gas leading pipe 6 and the exhaust amount from the exhaust pipe 7 
so that the ratio of SiH4 of the growing gas may not exceed 2mol% to the total amount of SiH4, 
and N20. 
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* NOTICES * 

jpA and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.3**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Olaim(s)] 

[Claim 1] The formation approach of the silicon dioxide film characterized by having considered 
as reduced pressure conditions at least 40Pa or more, and making the rate of the mono silane of 
said growth gas into 2.0% or less by the mole ratio to the total quantity of a mono silane and 
nitrous oxide in the approach of making carry out chemical vapor deposition of the silicon dioxide 
film, and forming it on a substrate in the growth gas containing a mono silane and nitrous oxide. 



[Translation done.] 
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* NOTICES* 

JPO and INPIT are not responsible for any 
daoages caused by the use of this translation. 

1/lhis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.3**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[O0O1] 

[Field of the Invention] This invention relates to the approach of forming the silicon dioxide film 

on a substrate with chemical vapor growth (CVD). 

[O0O2] 

[Description of the Prior Art] In the process in which semiconductor devices, such as an MOS 
mold memory device (MOSRAM) and a static memory component (SRAM), are manufactured, 
forming gate dielectric film, the passivation film, an interlayer insulation film, etc. with a silicon 
dicxide (Si02) on substrates, such as a silicon wafer, is performed. Formation of the silicon 
dioxide film by chemical vapor deposition (CVD method) loads with the wafer which a fission 
reactor is made to form, and is performed by supplying growth gas to this fission reactor. 
[0003] A mono silane (SiH4) and nitrous oxide (N20) are contained in growth gas, and, generally 
the silicon dioxide film (Si02 film) is generated by SiH4+2N2 0=Si02+2H20+4N2 on a wafer 
under the generation temperature of about 700 degrees C of a fission reactor thru/or about 850 
degrees C. In formation of Si02 film by such conventional CVD method, growth gas used what 
contains SiH4 2.5% or more by the mole ratio to the total quantity of SiH4 and N20. 
[0004] 

[Problem(s) to be Solved by the Invention] However, if it was in formation of Si02 film by the 
conventional CVD method, there was a problem that a projection (silicon cluster) with a 
magnitude of about hundreds of A will be formed in the front face of Si02 generated film. When 
Si02 film with which such a silicon cluster was formed is used as gate dielectric film of for 
example, a semiconductor memory component, predetermined gate pressure-proofing will not be 
obtained but the dependability of a component will fall remarkably. For this reason, the wafer 
with which the silicon cluster has been formed could not be used because of formation of a 
semiconductor device, but the product yield had fallen remarkably. 

[0005] This invention was made in view of the above-mentioned conventional situation, and aims 
at offering the formation approach of the silicon dioxide film which prevented generating of a 
silicon cluster. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the formation 
approach of the silicon dioxide film concerning this invention is characterized by having 
considered as reduced pressure conditions at least 40Pa or more, and making the rate of the 
mono silane of said growth gas into 2.0% or less by the mole ratio to the total quantity of a mono 
silane and nitrous oxide in the approach of making carry out chemical vapor deposition of the 
silicon dioxide film, and forming it on a substrate, in the growth gas containing a mono silane and 
nitrous oxide. 

[0007] In generation of Si02 film by the CVD method, a flow and pressure requirement will 
decline [ the growth rate of low voltage past ** and Si02 film ] considerably, and the 
homogeneity of the thickness distribution of Si02 film generated on the other hand when the 
pressure was too high which is not practical will fall. Moreover, when the mole ratio of SiH4 
contained in growth gas is not much high, a silicon cluster will occur on Si02 film generated by 
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SiH4 concentration under a reduced pressure condition becoming high beyond the need, so, by 
th« approach of this invention according to claim 1 A practical growth rate is realized by carrying 
out reduced pressure conditions to more than at least 40Pa (pascal). With this SiH4 
concentration is lowered for the rate of SiH4 of growth gas as 2% or less by the mole ratio to the 
total quantity of SiH4 and N20, the absolute magnitude of SiH4 molecule in growth gas is 
controlled, and Si02 film is formed, preventing generating of a silicon cluster. 
[0008] About generating of the silicon cluster in formation of Si02 film by the CVD method, if it 
will be hard coming to generate a silicon cluster if a flow and pressure requirement serves as 
high pressure, and SiH4 concentration becomes small, a silicon cluster will stop being able to 
tending to generate easily. A certain thing [ that the relation between this flow and pressure 
requirement and SiH4 concentration will form Si02 film, without generating a silicon cluster if 
extent correlation is carried out and these both conditions are combined practically ] is possible. 

[0009] 

[Embodiment of the Invention] The formation approach of the silicon dioxide film concerning this 
invention is explained based on an example. First, the equipment which enforces the formation 
approach of the silicon dioxide film concerning this invention is explained with reference to 
drawing 1 . This equipment is equipped with the boat 4 holding the wafer 5 for membrane 
formation in the tubed heater 1, the external coil 2 held in the interior of a heater 1, the internal 
coil 3 held in the interior of the external coil 2, and the internal coil 3. The external coil 2 is 
forming the reaction chamber which upper limit was closed and connoted the internal coil 3, and 
upper limit is opened wide and it is opening the internal coil 3 for free passage to the reaction 
chamber concerned. Si02 film is formed in the wafer 5 which this reaction chamber was heated 
at the heater 1, and was held in the reaction chamber under the predetermined temperature of 
7O0 degrees C thru/or 850 degrees C. 

[0010] The gas installation tubing 6 is opened for free passage by the lower limit section of the 
internal coil 3, and the growth gas which the source of growth gas supply outside drawing is 
connected to the gas installation tubing 6, and contains SiH4 and N20 in a reaction chamber is 
supplied. Moreover, the exhaust pipe 7 connected to the exhauster outside drawing is opened for 
free passage by the lower limit section of the external coil 2, and the gas in a reaction chamber 
is exhausted from an exhaust pipe 7. Therefore, the growth gas introduced from the gas 
installation tubing 6 flows the inside of the internal coil 3 which held the wafer 5, generates Si02 
whenever [ predetermined stoving temperature ] in the bottom, and makes Si02 film form on a 
wafer 5. The pressure in a reaction chamber has come change into a reduced pressure condition 
40Pa or more here by adjustment with the gas supply volume from the gas installation tubing 6, 
and the displacement from an exhaust pipe 7. 

[0011] Moreover, at the membrane formation process of Si02 film in SiH4 and N20, generally, it 
is carried out in 700 degrees C - 850 degrees C, a temperature gradient is set up in said 
temperature requirement towards the upper part from the lower part of a heater 1, and the 
direction of the lower part of a heater 1 is set as temperature lower than the upper part Thus, 
since reactant gas is exhausted and gas concentration becomes low as reactant gas 
concentration is high and goes up like the lower part of a heater 1, i.e., the reaction chamber 
bottom, the reason for establishing a temperature gradient is for making thickness in the lower 
part equivalent from the upper part according to a temperature gradient. 

[0012] The pressure in a reaction chamber was made into three kinds, 40Pa, 80Pa, and 160Pa, 
and Si02 film with a thickness of 300A was formed [ the rate of SiH4 contained in growth gas ] 
for the mole ratio and the quantity of gas flow all over the principal plane of the silicon wafer 5 
with a diameter of 8 inches as the five following kinds to the total quantity of SiH4 and N20 in 
above equipment SiH4 by (1) mole ratio by 1/30 (namely, about 3.4%) and the quantity of gas 
flow Namely, 35SCCM(s), N20 by 1050SCCM(s) and (2) mole ratios 1/40 (namely, 2.5%), For 
SiH4, 27SCCM(s) and N20 is 1/50 0 at 1050SCCM(s) and (3) mole ratios in a quantity of gas 
flow. 21SCCM(s) and N20 by the quantity of gas flow 2.0% Namely, 1050SCCM(s), [ SiH4 ] (4) — 
a mole ratio — 1/60 (namely, about 1.7%) and a quantity of gas flow — SiH4 — by the quantity 
of gas flow, 15SCCM(s) and N20 was as 1/70 (namely, about 1.4%) by 1050SCCM(s) and (5) mole 
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ratios, and SiH4 could be [ 18SCCM(s) and N20 ] five kinds of 1050SCCM(s). The result to 
which the scale factor 60,000 carried out SEM observation of the Si02 film formed of this 
experiment is shown in Table 1 thru/or 3, respectively. 
[0013] 
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[Table 2] 
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[0015] 

[Table 3] 
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[0016] The observation result about Si02 film which was formed in the pressure of 40Pa and 
Table 2 by the pressure of 80Pa ? and was formed in Table 3 by 160Pa is shown in Table 1, and it 
is made to correspond to the mole ratio of SiH4 contained in growth gas in each table, and X 
mark is described, when existence of a silicon cluster is observed and O mark and existence of a 
silicon cluster are not observed. In addition, thickness homogeneity measures the thickness of 
two or more points in the circumferencial direction in a wafer, and the direction of circles of 
longitude at equal intervals, and takes out deflection to them. Moreover, a membrane formation 
rate is broken by deposition time amount to the average thickness of a lower wafer into a top in 
a wafer processing field. Moreover, according to the refractive index, the crystallized state 
(membraneous quality) of membrane formation can be judged. 

[0017] If a flow and pressure requirement serves as high pressure from the above-mentioned 
table about generating of the silicon cluster in Si02 formed film, it will be hard coming to 
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generate a silicon cluster, and if the mole ratio of SiH4 becomes small, it turns out that a silicon 
cluster stops being able to tending to generate easily. Thus, by generation of Si02 film by the 
OVD method, if a pressure is high, the passing speed of SiH4 molecule in growth gas and an N20 
molecule can loosen, decomposition of N20 is performed smoothly, and the reason which a 
silicon cluster will stop being able to generate easily if a flow and pressure requirement serves as 
high pressure is considered that generating of a silicon cluster is controlled by this. Moreover, 
the reason which a silicon cluster will stop being able to generate easily if the mole ratio of SiH4 
becomes small is considered for the probability for Si atom to serve as the aggregate to fall, 
when SiH4 concentration in growth gas falls and the absolute magnitude of SiH4 molecule 
decreases. 

[O018] And generating of the silicon cluster in 1/50 or less [ then ] and Si02 film does not have 
reduced pressure conditions in the mole ratio of SiH4 at 40Pa so that clearly from the above- 
mentioned table. Generating of the silicon cluster in 1/40 or less [ then ] and Si02 film did not 
have reduced pressure conditions in the mole ratio of SiH4 at 80Pa, and generating of the silicon 
cluster in Si02 film did not have reduced pressure conditions considering the mole ratio of SiH4 
as 1/30 at 160Pa. Therefore, it is possible by setting reduced pressure conditions to 40Pa 
thru/or 1 60Pa, and combining these both conditions for the rate of SiH4 of growth gas as below 
1/50 (namely, 2.0%) by the mole ratio to the total quantity of SiH4 and N20 to form Si02 film, 
without generating a silicon cluster practically. 

[O019] If it says from a practical use side, while a membrane formation rate becomes slow, 
membrane formation time amount will require for 40Pa or less seriously and the amount of the 
expensive reactant gas used will increase, a serious fault causes the fall of a throughput, as a 
result delay of a back process by the throughput fall of equipment, and is not suitable for the 
production process of a semiconductor device. Therefore, it is good to be 2.0 or less-mole ratio 
conditions, and to choose a pressure and a mole ratio suitably by 40Pa or more, in consideration 
of practical membrane formation rate thickness homogeneity and not producing a big change of a 
refractive index, as further shown in drawing 2 . 
[O020] 

[Effect of the Invention] As explained above, according to the formation approach of the silicon 
dioxide concerning this invention, by setting up reduced pressure conditions and the mono-silane 
concentration in growth gas, generating of a silicon cluster can be prevented and the silicon 
dioxide film can be formed. And reduced pressure conditions are set to at least 40Pa or more, 
the rate of the mono silane in growth gas is written as 2.0% or less by the mole ratio to the total 
quantity of a mono silane and nitrous oxide, and the silicon dioxide film with the very high 
homogeneity of film pressure distribution can be formed with a practical growth rate, without 
generating a silicon cluster. Therefore, since generating of the silicon cluster in the formed 
silicon dioxide film can be prevented according to the formation approach of the silicon dioxide 
concerning this invention as a result, the effectiveness that the semiconductor device excellent 
in engine performance, such as withstand voltage, can be manufactured also does so. 
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* WOTICES * 

JP« and INPIT are not responsible for any 
danages caused by the use of this translation. 

1/This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2?**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the approach of forming the silicon dioxide film 
on a substrate with chemical vapor growth (CVD). 
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PRIOR ART 

[Description of the Prior Art] In the process in which semiconductor devices, such as an MOS 
mold memory device (MOSRAM) and a static memory component (SRAM), are manufactured, 
forming gate dielectric film, the passivation film, an interlayer insulation film, etc. with a silicon 
dioxide (Si02) on substrates, such as a silicon wafer, is performed. Formation of the silicon 
dioxide film by chemical vapor deposition (CVD method) loads with the wafer which a fission 
reactor is made to form, and is performed by supplying growth gas to this fission reactor. 
[0003] A mono silane (SiH4) and nitrous oxide (N20) are contained in growth gas, and, generally 
the silicon dioxide film (Si02 film) is generated by SiH4+2N2 0=Si02+2H20+4N2 on a wafer 
under the generation temperature of about 700 degrees C of a fission reactor thru/or about 850 
degrees C. In formation of Si02 film by such conventional CVD method, growth gas used what 
contains SiH4 2.5% or more by the mole ratio to the total quantity of SiH4 and N20. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As explained above, according to the formation approach of the silicon 
dioxide concerning this invention, by setting up reduced pressure conditions and the mono-silane 
concentration in growth gas, generating of a silicon cluster can be prevented and the silicon 
dioxide film can be formed. And reduced pressure conditions are set to at least 40Pa or more, 
the rate of the mono silane in growth gas is written as 2.0% or less by the mole ratio to the total 
quantity of a mono silane and nitrous oxide, and the silicon dioxide film with the very high 
homogeneity of film pressure distribution can be formed with a practical growth rate, without 
generating a silicon cluster. Therefore, since generating of the silicon cluster in the formed 
silicon dioxide film can be prevented according to the formation approach of the silicon dioxide 
concerning this invention as a result, the effectiveness that the semiconductor device excellent 
in engine performance, such as withstand voltage, can be manufactured also does so. 



[Translation done.] 
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* NOTICES * 

JpO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, if it was in formation of Si02 film by the 
conventional CVD method, there was a problem that a projection (silicon cluster) with a 
magnitude of about hundreds of A will be formed in the front face of Si02 generated film. When 
Si02 film with which such a silicon cluster was formed is used as gate dielectric film of for 
example, a semiconductor memory component, predetermined gate pressure-proofing will not be 
obtained but the dependability of a component will fall remarkably. For this reason, the wafer 
with which the silicon cluster has been formed could not be used because of formation of a 
semiconductor device, but the product yield had fallen remarkably. 

[O005] This invention was made in view of the above-mentioned conventional situation, and aims 
at offering the formation approach of the silicon dioxide film which prevented generating of a 
silicon cluster. 



[Translation done.] 
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MEANS 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the formation 
approach of the silicon dioxide film concerning this invention is characterized by having 
considered as reduced pressure conditions at least 40Pa or more, and making the rate of the 
mono silane of said growth gas into 2.0% or less by the mole ratio to the total quantity of a mono 
silane and nitrous oxide in the approach of making carry out chemical vapor deposition of the 
silicon dioxide film, and forming it on a substrate, in the growth gas containing a mono silane and 
nitrous oxide. 

[0007] In generation of Si02 film by the CVD method, a flow and pressure requirement will 
decline [ the growth rate of low voltage past ** and Si02 film ] considerably, and the 
homogeneity of the thickness distribution of Si02 film generated on the other hand when the 
pressure was too high which is not practical will fall. Moreover, when the mole ratio of SiH4 
contained in growth gas is not much high, a silicon cluster will occur on Si02 film generated by 
SiH4 concentration under a reduced pressure condition becoming high beyond the need, so, by 
the approach of this invention according to claim 1 A practical growth rate is realized by carrying 
out reduced pressure conditions to more than at least 40Pa (pascal). With this SiH4 
concentration is lowered for the rate of SiH4 of growth gas as 2% or less by the mole ratio to the 
total quantity of SiH4 and N20, the absolute magnitude of SiH4 molecule in growth gas is 
controlled, and Si02 film is formed, preventing generating of a silicon cluster. 
[0008] About generating of the silicon cluster in formation of Si02 film by the CVD method, if it 
will be hard coming to generate a silicon cluster if a flow and pressure requirement serves as 
high pressure, and SiH4 concentration becomes small, a silicon cluster will stop being able to 
tending to generate easily. A certain thing [ that the relation between this flow and pressure 
requirement and SiH4 concentration will form Si02 film, without generating a silicon cluster if 
extent correlation is carried out and these both conditions are combined practically ] is possible. 

[0009] 

[Embodiment of the Invention] The formation approach of the silicon dioxide film concerning this 
invention is explained based on an example. First, the equipment which enforces the formation 
approach of the silicon dioxide film concerning this invention is explained with reference to 
drawing 1 . This equipment is equipped with the boat 4 holding the wafer 5 for membrane 
formation in the tubed heater 1, the external coil 2 held in the interior of a heater 1, the internal 
coil 3 held in the interior of the external coil 2, and the internal coil 3. The external coil 2 is 
forming the reaction chamber which upper limit was closed and connoted the internal coil 3, and 
upper limit is opened wide and it is opening the internal coil 3 for free passage to the reaction 
chamber concerned. Si02 film is formed in the wafer 5 which this reaction chamber was heated 
at the heater 1, and was held in the reaction chamber under the predetermined temperature of 
700 degrees C thru/or 850 degrees C. 

[0010] The gas installation tubing 6 is opened for free passage by the lower limit section of the 
internal coil 3, and the growth gas which the source of growth gas supply outside drawing is 
connected to the gas installation tubing 6, and contains SiH4 and N20 in a reaction chamber is 
supplied. Moreover, the exhaust pipe 7 connected to the exhauster outside drawing is opened for 
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free passage by the lower limit section of the external coil 2, and the gas in a reaction chamber 
is exhausted from an exhaust pipe 7. Therefore, the growth gas introduced from the gas 
installation tubing 6 flows the inside of the internal coil 3 which held the wafer 5, generates Si02 
whenever [ predetermined stoving temperature ] in the bottom, and makes Si02 film form on a 
wafer 5. The pressure in a reaction chamber has come change into a reduced pressure condition 
40Pa or more here by adjustment with the gas supply volume from the gas installation tubing 6, 
and the displacement from an exhaust pipe 7. 

[0011] Moreover, at the membrane formation process of Si02 film in SiH4 and N20, generally, it 
is carried out in 700 degrees C - 850 degrees C, a temperature gradient is set up in said 
temperature requirement towards the upper part from the lower part of a heater 1, and the 
direction of the lower part of a heater 1 is set as temperature lower than the upper part Thus, 
since reactant gas is exhausted and gas concentration becomes low as reactant gas 
concentration is high and goes up like the lower part of a heater 1, i.e., the reaction chamber 
bottom, the reason for establishing a temperature gradient is for making thickness in the lower 
part equivalent from the upper part according to a temperature gradient. 

[0012] The pressure in a reaction chamber was made into three kinds, 40Pa, 80Pa, and 160Pa, 
and Si02 film with a thickness of 300A was formed [ the rate of SiH4 contained in growth gas ] 
for the mole ratio and the quantity of gas flow all over the principal plane of the silicon wafer 5 
with a diameter of 8 inches as the five following kinds to the total quantity of SiH4 and N20 in 
above equipment SiH4 by (1) mole ratio by 1/30 (namely, about 3.4%) and the quantity of gas 
flow Namely, 35SCCM(s), N20 by 1050SCCM(s) and (2) mole ratios 1/40 (namely, 2.5%), For 
SiH4, 27SCCM(s) and N20 is 1/50 () at 1050SCCM(s) and (3) mole ratios in a quantity of gas 
flow. 21SCCM(s) and N20 by the quantity of gas flow 2.0% Namely, 1050SCCM(s), [ SiH4 ] (4) — 
a mole ratio — 1/60 (namely, about 1.7%) and a quantity of gas flow — SiH4 — by the quantity 
of gas flow, 15SCCM(s) and N20 was as 1/70 (namely, about 1.4%) by 1050SCCM(s) and (5) mole 
ratios, and SiH4 could be [ 18SCCM(s) and N20 ] five kinds of 1050SCCM(s). The result to 
which the scale factor 60,000 carried out SEM observation of the Si02 film formed of this 
experiment is shown in Table 1 thru/or 3, respectively. 
[0013] 
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[0016] The observation result about Si02 film which was formed in the pressure of 40Pa and 
Table 2 by the pressure of 80Pa, and was formed in Table 3 by 160Pa is shown in Table 1 f and it 
is made to correspond to the mole ratio of SiH4 contained in growth gas in each table, and X 
mark is described, when existence of a silicon cluster is observed and O mark and existence of a 
silicon cluster are not observed. In addition/thickness homogeneity measures the thickness of 
two or more points in the circumferencial direction in a wafer, and the direction of circles of 
longitude at equal intervals, and takes out deflection to them. Moreover, a membrane formation 
rate is broken by deposition time amount to the average thickness of a lower wafer into a top in 
a wafer processing field. Moreover, according to the refractive index, the crystallized state 
(membraneous quality) of membrane formation can be judged. 

[0017] If a flow and pressure requirement serves as high pressure from the above-mentioned 
table about generating of the silicon cluster in Si02 formed film, it will be hard coming to 
generate a silicon cluster, and if the mole ratio of SiH4 becomes small, it turns out that a silicon 
cluster stops being able to tending to generate easily. Thus, by generation of Si02 film by the 
CVD method, if a pressure is high, the passing speed of SiH4 molecule in growth gas and an N20 
molecule can loosen, decomposition of N20 is performed smoothly, and the reason which a 
silicon cluster will stop being able to generate easily if a flow and pressure requirement serves as 
high pressure is considered that generating of a silicon cluster is controlled by this. Moreover, 
the reason which a silicon cluster will stop being able to generate easily if the mole ratio of SiH4 
becomes small is considered for the probability for Si atom to serve as the aggregate to fall, 
when SiH4 concentration in growth gas falls and the absolute magnitude of SiH4 molecule 
decreases. 

[0018] And generating of the silicon cluster in 1/50 or less [ then ] and Si02 film does not have 
reduced pressure conditions in the mole ratio of SiH4 at 40Pa so that clearly from the above- 
mentioned table. Generating of the silicon cluster in 1/40 or less [ then ] and Si02 film did not 
have reduced pressure conditions in the mole ratio of SiH4 at 80Pa, and generating of the silicon 
cluster in Si02 film did not have reduced pressure conditions considering the mole ratio of SiH4 
as 1/30 at 160Pa. Therefore, it is possible by setting reduced pressure conditions to 40Pa 
thru/or 1 60Pa, and combining these both conditions for the rate of SiH4 of growth gas as below 
1/50 (namely, 2.0%) by the mole ratio to the total quantity of SiH4 and N20 to form Si02 film, 
without generating a silicon cluster practically. 

[0019] If it says from a practical use side, while a membrane formation rate becomes slow, 
membrane formation time amount will require for 40Pa or less seriously and the amount of the 
expensive reactant gas used will increase, a serious fault causes the fall of a throughput, as a 
result delay of a back process by the throughput fall of equipment, and is not suitable for the 
production process of a semiconductor device. Therefore, it is good to be 2.0 or less-mole ratio 
conditions, and to choose a pressure and a mole ratio suitably by 40Pa or more, in consideration 
of practical membrane formation rate thickness homogeneity and not producing a big change of a 
refractive index, as further shown in drawing 2 . 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing an example of the equipment for enforcing the 
approach concerning this invention. 

[Drawing 2] It is the graph which shows the relation between mono-silane concentration and the 
membraneous quality of the silicon dioxide film. 
[Description of Notations] 

1 Heater 

2 External Coil 

3 Internal Coil 

4 Boat 

5 Wafer 

6 Gas Installation Tubing 

7 Exhaust Pipe 
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[Drawing 1] 




[Translation done.] 

http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web^cgi_ejye 



2007/01/31 

J 



<i9)H#Bftff/r (jp> 02) £t Hf] i£f rp £t ^ (a) (nmnmmetmm^ 

#W¥10 - 79386 

(43)&I8B ¥J£10¥(1998)3£24B 



(51)Int.a.' 
H01L 21/316 
21/31 



F I 

HOIL 21/316 
21/31 



X 
B 



m&mut *m$t mzmv&i fd o£ 5 h) 



(21)fflH## 


1$K¥8 -253723 


(71)ffllSA 


000001122 










(22)ffiIBB 


¥^8^(1996) 9 ^ 4 B 




3»§Cf5*IFK5it«t'»^T § 14#20^ 






(72)S£9Mf 


@ " 








«^st»j^E*tpi?=Tii4#2o^ mm 














(74) •rai A 





(54) mmn&m -mfc&mmaMti&jm 



(57) [gsKi] 




1 

1-«#8cfci8^T\ '>ft < t t40Pa $kh(OW&&ft 
3Eltftfi» t W-&tf4(r*r LT^UitT- 2 . 0 %WT t 

[00 0 1 ] 

im<Dg,i-z&ffi#m] *ftvmib¥#}Hm&& (c io 
vd) \c£vmfc±\c-®immm*Mf$irz>%mz.m 

[0 0 0 2] 

imm<D&m] Mosm/^vm* (mo s ram) ^ 

y^y-ey^ (SRAM) ^©^ig{&£g£ 
-$Hft£fit (S i02) T^- MfelSII, /<y 

^^ts^fife (cvDfe) tcj^r&^Jiifiji©^ 
Ricli, K^c^$-fr5^^-/N^^L A roRjS 20 

[0 0 0 3 J $L&fi.MZ.\tt ; i/yl/ (S i H4) tffi 
m&M (N20) i:^*n-C*s9, -jRWfcttBOS 

#5f*i©#J7 0 OX-JbmmB 5 'CCO^EfiKfiSTT?, S i 
H4+2N20=S i 02+ 2 H20 + 4 N21C J; 9 , 

-^±.\c-fflmmm (s i 02B9 ^^$$4x5. .s 

0«t5*tt*«CVDjfetCJ:5S i 02HtOJK*Jca3V^ 
J&6#;M4S i H4t N20 t cO-a-ffitCjpf UT S 

tc 0 30 
[0 0 0 4] 

CVDSslCtSS i 02Sg(D^fCfeoT«, 

5raiHa*feofc 0 ^©.fcpft^y 3^5^;a««rti 
^fcs i o2ig£, w^tf^^^ysR^oy-Mft 

[0005] *|gWtt±ECe*©*ttffcfi£*«$ixfct) 
[0 0 0 6] 

*Bt«rft^ftft^«$-fr-C^fi£i-5*«feUii3V>T, '>ft 50 



W8fl¥ 10-79386 

2 

<H40Pa «±©*ftE*#fc U HfffEj&ft#7.©^ 

[0 0 0 7] CVDffilCtSS i 02Bt©4j*-ett» £E 
^{^(Sffi-f-rS^S i 02«©jfcft»ft#*»fc«Jte 

fcS i O2R©gW^<0*S-ttiSfiTbTU*5. * 
fc, jfcfttf^lc^SftSS i H4W^utt:6Sfc*5i^V^ 
MEftiTtros i H4ftfttfj&S&±K:jft 
<fcoT£i*$;h,fcs i 02Blic>>y ="y*7**#5l 

■Vits 8BE*#«:4>fc< H40Pa (^*#/u) fiJl-h 

:ft#7.©S i H4©iH£-£S i H4tN20 tCO-g-H-ftlC 
*f LT j e/Hfc"C2%EJlTi: LT, S i H4»«SrT»fT 
f&fttf^ws i H4#^©J&fti;£«]U ->y=«y 
^7^^ ©3*££Klk Loo S i 02BS&7KJ5SH-5. 
[0 0 0 8] CVDjfe»C±5S i 02BE©3g*|Cfert5 

niiv^y 3^^7^^f±3B^LJt<49v S i H4it 
tf'b £ < ftttff V y 3 >^ 7 ^ ^ LJi < ft 

:offi^^#i s i H4»ftt©H«tt*«S 

->y 3^7^«r«4$*iri:/j:< S i O 
2«Sr^i-5ri:as^rfilT*)5.- 
[0 0 0 9] 

[»w©mfi©jgf»'] \mz -&{kmmm<DBi$. 

-mmmm<DMi8.jj&* mmi-zmwi&m 1 l 
xmw-t&o tnmmrt, m$:<Dt-? 1 t-^i 

<Drtg|5iv:i|y^$tvfc^g|5KJSf 2i, ^MSJR^* 2 ©rt 

S*©^!-^ 5 Sr»»i-5JH- h 4 i: SrilxT^^. 
^95KJ^t 2 tt±m*W C bhTftUfcfc'g 3 ^rrt^l L 

ftTS&RJ&^KjtilLTV^,, r©S»S^lit-^i 
IC J; o T Mm S *i 5 J; 5 ^ ft o T*5 19 , R^S IC JR« $ 
tLfc?*— /N5Kltt7 0 01C75S8 5 O c C©0fSaST 
T'S i O20Sas^Sil5. 

[0010] figBRjSW 3 ©TSasl-tttf^At 1 6 ^ 

m&&mtstix8.fomft\zs i H4tN2ot^^-r5 

-T5J;?l-ftoT^5. Lfc^oT, ^Tv^Af 6*»t> 

3rt^^tL, EffS©*PHft£^TT*S i 02«r^LT^ 
^-^5±lciS i 02R*riW£-fr<5. :11c, 

aw 6 ^ © ^7s#t^a; ,u 7 a> e> ©#*c* * 



(3) 



10-79386 



SEK J: 9* Kfc£ft(DJ£M*4 0 P a «±0>8JERJBte 

[OOll) *fc, S i H4i:N20T?C9S i 02^©J& . 
flgl&T'Bu -tBLffii^ 7 0 0t:~8 5 0^C<7?®ffl-Cff 

[001 2] ±«B©g|f icfc^T, KJ&SrtOJE^Sr 4 
OP a, 8 OP a, 1 6 0 P a CO 3 ii ■? £ U 
«P it* S i H4C9fi|3-£ S i H4 1 N20 <D&#r 
ftte» UT^/HtR^^ittftSrTEO 5 ii 0 i UT, 

a:@8-r y^co->y a^^x— ^5cD£B:feffi(;:j?:£ 3 * 

40Pa 



10 



*>, (1) */H£T'l/3 0 (■*-&*>*>, **)3.4 
%) , #*$ifiT?S i H4^3 5 S CCM, N20#l 0 
50SCCM, (2) 0 (-fftfr^ 

2.5%) , tfxM&XS i H4#2 7 S C CM, N20 
#1 0 5 0 SCCM, (3) 0 (-fftfr 

*j, 2.0%) , tfXffimX-S i H4*52 1 SCCM, N. 
20^10 5 OSCCM, (4) ^HtT* 1 / 6 0 ("f 
iftl.7%) , ^iftfi-CS i H4#l 8 SCC 
M, N2O^1 0 5 0SCCM. ( 5 ) ^UtfC 1 / 7 
0 ("f #*J1.4%) , ^!jgit'SiH4^15 

SCCM, N20#!l 0 5 0 SCCMc95i§9 i L/c„ 
C©H»»cJ:o-C3»**nfcS i 02MSr^6^c0S 

[0 0 13] 
[«1] 



SiH, 


i/ \) 3 y ? ? x ^ 




A/min 


±96 


1 / 30 


o 


1.29 


17.6 


3.0 &T 


1/40 


o 


0.98 


14.8 


2.8 scr 


1/50 


X 


0.78 


12.4 


2.5 


1 / 60 


X 


0.66 


11.0 


2.5 HIT 


1/70 


X 


0.56 


10.5 


2.5 HT 



[0 0 14] 



* * IS? 2] 









hhue 

A/min 


±% j 


1 / 30 


O 


2.58 


31.0 


S.OJ^T 


1 / 40 


X 


1.95 


23.8 


3.0 &rr 


1/50 


X 


1.57 


20.2 


3.0 sir 


1 / 60 


X 


1.31 


18.0 


2.8j£tT 


1 / 70 


X 


1.13 


16.1 


2.6 i^T 



[0 0 15] 



mtS 160Pa 



★ ★ [*3] 



SiH, *r;kfcb 


'y =1 > ? ^ ^ ^ 


HSr» 


A/min 


±% 


1/30 


X 


5.16 


55.2 


7.5 &cr 


1 / 40 


X 


3.90 


45.0 


7.0 &TF 


1/50 


X 


3.14 


36.8 


6.0JBIT 


1/60 


X 


2.62 


31.4 


5.5JBTF 


1 / 70 


X 


2.26 


27.4 


. 4.0 JKT 



[0 0 16] ^lteliE^)4 0Pa, ^2tel4H^)8 0 LTfc 9 , -tftmeD*»£ttJ&g# 



(4) 



#H¥ 10-79386 



#ysaymr$xm'otzt><Dxhz>o mftmzz. 
mm<D^ B ^m mm) tnm-tzzttfxz 

[0017] ±E©a*a»e, x jFM£*wts i o2R£*j io 

fc4illi->y=«V^9^^tt*iUJi<*!J, SiH4 
VDfetiSS i O20t©£j*-ett x JE^iftV^J&K: 
fc, S i H4tf>-=eMfc;5vjN£ < &tUi^<J 3^7^? 20 

fSTLxs i HAft^-nmnmt'Pte < ^sriia 

[0 0 18] ^ Lt, ±flB©**»6>Wfed»/j;J:5^ tt 
J3E^#/i s 4 0 P a XitS i H4<E>^A"ifc£r 1/5 OtlT 
t-ttltfS i 02lT©-> y 3 7 ^ ?©«±l±^ 
< , »BE*#ii 8 0 P a T?tt S i H4<D^e/Hfc£ 1/4 

li&< > J&BE&ftflS 1 6 0 P a -ms i H4<D^HtSr 30 

1/3 ot.ttts i c^ig-ewv-y = ^7.** ©38 

fe!44a»ofc. Ufci«oT % «£E*#Sr4 0PaJ&Sl 
6 0 P a t U fiJcft^XCi S i H4©t«-£-£ S i H4i N 
20*<&£tt*fc#LT j e/Wt-Cl/5 0 

2. 0%) urthx, ztit>m%o&ft*m.fr&t*t 

r.£*< S i 02^Sr^1-5d^^artg-e*>5„ * 



* [0019] £fflffi7^#;tW:\ 4 0 P a WTTttfiUS 

4 9 , riaswra^^ics-r* r tic* 9 , 
mw.<D® ! mmt>i&T\zi'9xj\s-7'y h<D&T. m^x 

T<D&ftxbvxn%$}t£i$.mmg.mmi%-&. its 

0 2 i 5 KJffl jr^w^t ft C S-frft 

[0 0 2 0] 

* ©3§££Kjlt LT ~iWb3t*KS:?Kfi!Ei-5 r 1 a* 
5o -tUT, «M'>/i<H40PaWia > 

IWv'!! =i 7X?<D%£.Z®3StX$Z>tzib, 

[0ffi»l8i¥ftf&im 

[HI] *jBMK«5^»S:l5JI5-t«fcftroS«©-« 
[02] ^/-^^vSSinWkSSRBlroRjrirroBMR. 

[«F*©RW] 

1 t— 9 

2 ^SBRlSIf 

3 rtftRj&tf 

4 h 

5 /"> 

6 T^X^A^ 

7 ftft* 



[02] 



iff 



--1.48 



(5) 



imi] 




